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ABSTRACT

The progress of the Manufacturing Methods and Technology

Program for Miniature High Voltage Multiplier Modules is

described in this Third Quarterly Report.

Rectangular multipliers with various versions of capacitor
banks and rectifier-substrate assemblies were fabricated

and tested. Curved capacitor banks were evaluated.
3\
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PURPOSE

This Contract covers component designs, mounting and inter-
connection techniques, tooling and test methods and other
manufacturing methods and techniques required for production
of rectangular and curved miniature high voltage multiplier
modules. These units are to be used in low cost power
supplies for second generation image intensifier tubes.

The full scope and details of the specification are given

in SCS-495, Appendix A to the First Quarterly Report.

Major milestones in this program consist of delivery of
the following items:

(1) First and second engineering samples and test data.
(2) Production line layout and schedule.

(3) Confirmatory samples and test data.

(4) Production line set-up.

(5) Pilot production run,

(6) Production rate demonstration.

(7) Preparation and publication of a final report.

The general approach is to design and set-up a cost-effective
production capability, utilizing already established device
technologies and materials, and to demonstrate the production
line capability to fabricate at the rate of 125 acceptable

units per 40 hour week,
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GLOSSARY OF SPECIAL TERMS

Ceramic wafer with metallizations which

Capacitor bank:
nerform the function of a number of
capacitors connected in parallel (parallel

bank) or in series (series capacitor bank).

Cure: - To change the physical properties of a
material by chemical reaction or by the

action of heat and catalyst.

Flash tec<’ - Test consisting of instantaneous application
of voltage at its specified value to the

part.

Hybrid: - Technoloay combining thick-films (capacitor

banks) with discrete devices (rectifiers).
Multiplier - Device consisting of capacitor banks and
modules:

rectifiers connected and packaged to perform

voltage multiplication and rectification.

Pad: - The metallized area on the ceramic bank

acting as a plate of a capacitor and

used to make an electrical connection to it.

Rectifier: - Semiconductor device with one or more p-n

junctions connected in series.




Rectifier- - A substrate with rectifiers placed

substrate
assembly: and secured within it.
Substrate: - Part of a multiplier module consisting

of a piece of insulating material

machined to accommodate the rectifiers

and support the capacitor banks.




LIST OF SYMBOLS AND ABBREVIATIONS

ic - charging current (uA)
Cx - measured capacitance (pF)
D.F, - dissipation factor (%,
f - frequency (KHz)
Cji - input capacitance (pF)
g IL - load current (nA)

vr - ripple voltage (V)

Vg - breakdown voltage (V)
Vi - input voltage (Vp-p)

v - output voltage (V d.c.)

n - efficiency (%)

Ty
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INTRODUCTION

This report cdescribes briefly the progress made during

the pneriod from 1 January to 31 March 1977,

In the initial effort on this program, described in

the First Ouarterly Report, it was possible to establish
capacitor pad desiqgn that would reduce stray capacitance.
Manufacture of prototype substrates assemblies demon-
strated the unsuitability of the originally proposed
desian regarding diode pellet assembly and the con-
nlexity of jigqging required in the assembly operztion.

A new substrate design was proposed. All effort is

on the rectanqular multiplier and once the major problem
areas are identified and resolved, evaluation of the

curved multiplier components will proceed.

In the Second Nuarterly Report results of the electrical
evaluation of the first prototype sample batch of capacitors
were given, the choice of the rectifier was made

and electrical test results were presented on the first
batch of multiplier fabricated with TSK 25-250 and TSK

25-251 capacitor banks and standard four-junction

rectifiers.




DESIGN AND CHARACTERIZATION OF THE
RECTANGULAR MULTIPLIERS

The multiplier design adopted to meet this program's
specifications was described in the First Quarterly

Report.

Current work was concentrated on the optimization of
individual components of the multiplier: the capacitors,
substrate, and rectifiers, and on evaluating the rect-

anqular multipliers fabricated with these components.

Samples of the modified design of TSK 25-250 and TSK
25-251 capacitors with dumb-bell pads and of the newer
desiqgn capacitors were received on 20 January 1977.
The quantities received were:

MSIK 25 =250t . 19 pes.

TSK 25-251 .....s. 16 pcCs.

TSK 25252 .....ss 12 pEs,

TSK 25=253 . .wvan 19 pcs.

TSK 25-254 ....... 8 pcs.

TSK 25259 ceseves 1D PCSs
Design drawings of these capacitor banks were included
in the previous quarterly report. The electrical eval-

uation was done and representative results are given in

Tables 1 to 3.
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A batch of 500, three-junction rectifiers was manu-
factured for use in prototype multipliers and to
determine the yield levels that can be expected in
large volume manufacture. An overall yield of 70%
from assembly through testing at 3KV peak reverse

voltage was achieved.

Three multipliers were assembled using the original
design capacitors and rectifier substrates. One unit
(#5) was found to be electrically defective after
assembly (open circuit). Lead-pull tests were carried
out on that unit, in accordance with method 211 of
MIL-STD-202 as required in Test Specifications SCS-
495 section 3.2.2.3. With the multiplier body held in
a fixed position a force was applied to each of the
two 0,020" silver leads bonded to the substrate with
EPO-TEK 410 electrically conductive epoxy. Both wires
passed the 10 1b pull force test. They broke, one at
11 and the other at 12 1b pull force. These tests
exceed with a large margin the 0.25 1b pull force re-
quirement of SCS-495. The remaining two good units

(#6 and #7) were tested for efficiency ratings at no

load and under load. In addition the units were subjected

to an operational test in free air to determine at what
voltages corona and arcing occurred. For test results

see Table 4,




Twelve substrates were assembled using three-junction
rectifiers and 0.060 inches thick glass-filled board,
type G-10 supplied by Warehouse Plastics, Toronto, Ont.
Some substrates were made from the machinable glass-
ceramic (Macor, Code 96581 of Corning Glass) to determine
the feasibility of using it as an alternative to glass-
epoxy. The machinable ceramic was found difficult to
work with and some 50% of the substrates broke during

the variocus machining operations.

Fourteen multipliers of the rectangular design were
assembled including:
A) 8 with original desiqgn capacitors (TSK 25-250
and TSK 25-251) and rectifier-substrate assemblies;
B) 2 with TSK 25-254 and TSK 25-255 capacitors and
machinable glass-ceramic (Corning Code 9658)
rectifier-substrate assemblies;
C) 4 with TSK 25-252 and TSK 25-253 capacitors and
original glass-epoxy rectifier-substrate assemblies.
The results of the evaluation of these multipliers are

summarized in Tables 5 and 6,

The following is an analyvsis of the test data on the
finished multipliers with respect to the specifications

of this contract:




Design A (Capacitors TSK 25-250 and TSK 25-251 with a

substrate of glass-epoxy board).

2.1

2.2

2.

.4

Electrically all units are almost identical.

They all have a calculated efficiency (by definition:
Output voltage divided by AC input and the number

of stages) of 97% at no load and 96% at full load

of 500nA, which is much better than the required 85%.
Load regulation can be defined as the ratio of the
change in output voltage to the no-load output
voltage. Design "A" has a AV of 50 V from no load

to full load, giving it a load regulation of 0.9%.
Alternately, one could express the full load

voltage as a percentage of no-load output for

this calculation 99% is obtained, which is excellent.
The over-voltage test was conducted at 150% of

input voltage (i.e. 1500 Vpp), although, since the
efficiency was greater than 88%, the reduced level

of 130% of input voltage could have been used.

An efficiency of 96% was maintained at this level

and there was no evidence of arcing or breakdown,

The test in air is not a requirement but it was
interesting to determine at what level the multi-
plier could run before an "arc-over" would in-
validate the test. The average output was 3525
volts, but one unit had an exceptionally low figure

of 1600 volts,




2.2

N

The input capacitance of the multipliers was tested
with each unit in Fluorinert FC-43 and with an

input of 1000Vpp. Of the 5 pieces tested the maximum
Cx was 5.8 pF which is within the specified maximum
of 8 nF.

The charging current of the multipliers was measured
also, O0Of 5 tested, 4 had values of 120puA and one
was 250puA. Since the specification limit is 150uA,
this last piece would be a reject on that criterion,
The maximum weiqht of the multipliers was measured
to be 1.6 grams which is well within the 1imit of

5 a., although some allowance has to be made for the
fact that they have not been encapsulated or coated
yet and this material will add to the final tally.
The initial design of the multipliers put limits

on the mechanical dimensions of .525" and .255" for
length and width respectively; and limits of .042"
and .039" for the thickness of capacitors and sub-
strates, respectively. Thus the final multiplier
(before encapsulating or coating) was designed to

be .525" x .255" x ,123". Since the specification
qave dimensions of .60" x ,33" x ,15", there were
theoretical margins of .075" x .075" x .027" on the

lenath, width and thickness which would be allotted

for the encapsulation/coatina. On the 8 multipliers




of design "A", the mechanical measurements were

.529" x .256" x .148" maximum (without including
the leads or soldering) which was already .020"
over the desired thickness dimension. When one
includes the leads and the solder connections the
thickness of the part increases to a maximum of
.182" which is .060" over the desired dimension.

Desiqn B (Capacitors TSK 25-254 and TSK 25-255 with a

glass-ceramic substrate).

2.9 Electrically, both multipliers exhibited low out-
put voltage, high input current and a high ripple
voltage and so no electrical measurements could be
taken. An examination of the units on a curve tracer
showed a low forward volt drop along the diode chain
(e.q. 16 V compared to normal value of 25 V) indicat-
ing a short of several rectifiers in each package.
Further analysis will be required to determine the
exact nature of the fault.

2.10 Mechanically, the multipliers are similar to the
units oi design “"A" (see Para 2.8 above).

Desian C (Capacitors TSK 25-252 and TSK 25-253 with a

qlass-epoxy board substrate).

2.11 Out of four units, one piece exhibited all the same

output manifestations of the "B" design multipliers,




j.e. low output voltage, high input current and
hiah ripple voltace. The other three units were
acceptable electrically but the output was lower
than for the design "A" multipliers. The multi-
plier efficiency (as defined in Para 2.1) was 94%

at no lToad and 93% at full load of 500nA.

.12 The load requlation was 0.9% (i.e. the output at

i
~N

full load is 99% of the no-load voltage).
2.13 The overvoltaqge test (conducted at 150% of input
voltage) was satisfactory and showed a no-load

efficiency of 96% on the output.

2.14 The test in air started "arcing" or "breaking down"
at 3200 V minimum,

2.15 The input capacity was slightly higher than Design
"A" at 5.9 pF (maximum) but this is still within
specification limits,

2.16 The charging current was the same on all 3 units

at 120uA which is acceptable.

2.17 Mechanically these muitipliers are similar to

those of the other two designs in all dimensions.
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EVALUATION OF THE CURVED

CAPACITONR BANKS

Twenty-four pieces of the TSK 25-249 (Fig. 1) curved
capacitors with dumb-bell pads were received on March 8.
They were mechanically inspected, with pad dimensions and
location measured on 2 pieces. Electrical tests of
capacitance at no bias and of the breakdown character-
istics were performed on 4 samples. The capacitance
measured in this test was that between the whole dumb-
bell pad and the bottom electrode. It was equivalent to
the sum of the capacitances of 2 capacitors in a multi-
plier stage, increased by the stray capacitance of the
interconnection and was much higher than the theoretical
sinale pad's capacitance of 20 pF. The results of
mechanical and electrical tests are presented in Tables

7 and 8.

The average double-pad capacitance was 73.9 pF at 6KV,

which is 46% higher than the average double-pad capaci-
tance of TSK 25-250 capacitors (50.6 pF). This differ-
ence should cause no problems. To be noted is the con-
sistency of capacitance values from pad to pad and cap-

acitor to capacitor,

The breakdown characteristics were just satisfactory:
only one pad in 24 on the 4 capacitors tested broke down
below 7,8KY (D-5), but many more did not pass 9KV test-

ing as is evidenced on the test data sheet.




CONCLUSIONS

Out of the 3 designs, design "A" is the best approach
at this time provided that the thickness of the part |
can be decreased, It is thought that design "C" can be

discarded at this time; there is no apparent improvement

over design "A" on breakdown voltage and the capacitor

is unnecessarily complicated. Final judgement on design
"B" will be withheld until more units can be assembled and

evaluated.

The difficulty of handling the material, low yields and
considerably higher price do not justify changing to

glass-ceramic at this point of time,




PROGRAM FOR NEXT NUARTER

1. Analyse the mode of failure of Design B rectanqular

multipliers, fabricate and evaluate new units,

2. Decide on the final design of rectangular capacitor

banks.

3. Fabricate and evaluate curved multipliers.

4, Investigate suitable encapsulation materials and

techniques.

5. Investigate means to reduce the thickness of rect-

angular multipliers.

6. Manufacture the First Engineering Sample of «5 each

rectanqular and curved multipliers.




PUBLICATIONS AND REPORTS

No reports or publications were made on the work
associated with this program during the current

quarter,
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IDENTIFICATION OF PERSONNEL

A brief description of the background of technical
personnel involved is included in the First and
Second Nuarterly Reports. Background of personnel

added to the program during the third quarter follows.

On March 25, A. Kennedy left the employ of Erie
Technoloaical Products of Canada, and was replaced by
Dr. Michael Korwin-Pawlowski as Program Manager on this

contract.

Durinag the second quarter of the program the following

persons worked in their area of responsibility:

INDIVIDUAL RESPONSIBILITY

A. Kennedy Program Manager
(until 25 March 1977)

Dr. M. Korwin-Pawlowski Program Manager
(since 25 March 1977)

6. Gordon Senior Electronic Engineer

D. Platt Manager, Ouality Assurance
and Control

D. Archard Senior Test Technician

C. Grills Senior Engineering Technician

D. Reqgan Senior Engineering Technician

F. Treverton Senior Test Technician

13
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M.L. KORWIN-PAWLOWSKI Engineering Manager - Semiconductor

Devices

PROGRAM RESPONSIBILITY: Program Manager (since 25 March 1977)

CURRENT ASSIGNMENTS:

Responsible for all engineering programs in the Hiagh Voltage
Silicon Rectifier area., Since joining Erie in 1974 he has
been responsible for process and new product development.
Developed and put into production the following new products:

- controlled avalanche rectifiers for TV triplers and
CRT pnower supplies.

- controlled avalanche rectifiers for TV diode split
transformers.

- microwave oven rectifiers,
- X-Ray power supply rectifiers.

- low leakage rectifiers for Second Generation image
intensifier tube supplies,

For the 4% years before joining Erie, Dr., Pawlowski was doing
research on InSb device technology (diffused p-n junction,

M0S and Schottky-barrier devicesg at the University of Waterloo.
He taught electronic circuits, computer programming and numerical
methods there. Prior to that he worked for 7 years in a
technical R&D institute developing semiconductor devices (switch-
ing diodes, power rectifiers and thyristors, photodetectors).

He was the leader of development projects on Schottky-Barrier
Diodes and high-frequency surface-barrier photodetectors.

Received in 1969 the Prime Minister of Poland's Office Committee
for Science and Technology Award for developing the Schottky-
Barrier Diode technology.

Author of 12 original papers, 3 review papers. Holds 3 patents.
Translated 2 technical books.

Member of the Association of Professional Engineers of Ontario.
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ACADEMIC AND PROFESSIONAL BACKGROUND

Ph.D
M.Sc

Oct 1974
to date

Nov 1969
to
Sept 1974

Jan 1963
to
Oct 1969

Electrical Engineering, University of Waterloo, 1974.
Electronics, Warsaw Technical University, 1963.

With Erie Technological Products of Canada,
Trenton, Ontario.

Mar 1977 - Engineering Manager - Semiconductor

to date Devices

Oct 1974 - Senior Development Engineer - Semiconductor
to Devices

Mar 1977

University of Waterloo, Waterloo, Ontario,
Graduate Research Assistant and Teaching Fellow.

Institute of Electron Technology, Warsaw, Poland -
Development Engineer - Project Leader.
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C.M. GRILLS Senior Engineering Technician

PROGRAM RESPONSIBILITY

Production of substrate for voltage multiplier modules and
manufacture of jiqs and fixtures required for Production use.

CURRENT ASSIGNMENT

Manufacture or modification of material and components for
use by High Voltage Engineering and Production Oepartments.
Manufacture or modification of tooling, jigs and fixtures
for use by High Voltage Production Departments.

ACADEMIC AND PROFESSINNAL BACKGROUND

1962 Completed 4 year S.T.&T course at Moira
Secondary School

1966 Certified Machinist by Ontario Dept. of Labour

1970-present Employed as Senior Engineering Technician by
Erie Technological Products of Canada Ltd.

1970 Machinist, Canadian Flight Eaquipment, Trenton
Ontario

1967-1970 Machinist, Erie Technological Products of
Canada Ltd., Trenton, Ontario

1966-1967 Machinicst, Canadian Flight Ecuipment, Trenton,
Ontario

1962-1966 Apoprentice, Bata Engineering, Batawa, Ontario
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CHARACTERISTICS OF A TSK 25-250 CAPACITOR BANK SAMPLE

View from Ton View from Bottom
K B

Bottom Pad (Grounded)

CX D.F. CX LEAKAGE
PAND|@ no bias ) @ 6KV B TEST

(pF) (%) (pF) (nA) (kV) © 9KV
A 79.4 0.41 55.6 2.5 8.0 N.A.
B 86.6 N.90 60.6 4.5 PASS FAIL
C 53.1 0.26 SL oyl 255 PASS PASS
D 53.6 0.35 375 3.7 PASS PASS
B 86.0 032 60,2 6.0 PASS FAIL
F 19,2 0.36 52,6 3.5 9.0 N.A.

TABLE 1
18




CHARACTERISTICS OF A TSK 25-253 CAPACITOR BANK SAMPLE

View from Ton View from Bottom
[

D £ F
| oty B W) 3 Bl

FE )
A B C [
Bottom Pad (Grounded)
LEAKAGE
Cx DIaES Cx CURRENT Vg FLASH-
PAD |®@ no bias @ 6kV 0 6kV FEST
(nF) (%) (pF) (nA) (kv) @ 9kV
A 40,3 0.37 28.2 2,5 PASS PASS
B 65.2 32 45.6 5.0 PASS FAIL
C 61.4 0.24 43.0 4.0 PASS PASS
D 66.3 0.49 46,4 1250 PASS PASS
E 64,9 0.32 45,4 12,0 PASS PASS
F 53.9 021 Sl il S PASS PASS

TABLE 2

19




CHARACTERISTICS OF A TSK 25-255 CAPACITOR BANK SAMPLE

View from Top View from Bottom
D B F P
e =0 =0 SEHE _]
& 5 el Wil
A B C

Bottom Pad (Grounded)

LEAKAGE _
Cx 1B {7 Cx CURRENT VB FLASH-
PAD I no bias @ 6kV o 6kV Bl
(pF) (%) (pF) (nA) (kv) @ 9k
A 34,3 0.26 24.0 2.8 PASS PASS
B 78.4 0.31 54,9 4.0 PASS FAIL
c 76.4 0.28 53.5 4.0 8.7 N.A.
D 72.8 0.37 51,0 4.8 8.4 N.A.
3 80.3 n.34 56,2 4.3 PASS PASS
F 72,2 0.43 50.5 10.0 PASS PASS
TABLE 3

20




RESULTS NF_OPERATIONAL TESTS FOR RECTANGULAR MULTIPLIERS

UNIT #6 UNIT #7 |
Vi I Vo R e ’
wo-o) | (A) | vy | ) | vy | (%)
200 0 1.17 | 97.5 | 1.14 | es5.0
500 0 2.92 [ 97.3 | 2.89 | 96.3
800 0 4.65 | 96.9 | 4.61 [ 96.0
1000 0 5.75 { 95.8 | 5.70 | 95.0
1000 | 500 5.70 | 95.0 | 5.65 | 94.2

NOTE: f = 40KHz
Testina done in free-air, except for
Vi = 1000V when done in Fluorinert FC-43,

TABLE 4
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DIMENSIONS AND WEIGHT OF RECTANGULAR MULTIPLIERS

DESIGN UNIT # LENGTH WIDTH THICKNESS JTHICKNESS | WEIGHT
(body) Kincluding
soldered
lead)
(inch) (inch) (inch) (inch) (gram)
A 8 0.523 0.254 0.146 0.182 1.51
9 05521 0.253 0.144 0.170 1.58
10 0.521 0.251 0.148 G.171 1.60
11 0.529 0.253 0.143 0 7 e 54/
12 0.526 0.252 0.143 6. 1 1251
13 0.522 0.252 0.141 0.166 1558
14 0.519 0252 0.142 0.182 1,59
15 0150 0,256 0.147 0.182 1.63
B 16 0.525 05253 0.133 0.163 1.60
17 0.524 0.254 0.142 0.178 1.6
C 18 0.519 0,252 B39 05 163 1.56
19 0.518 0.251 0.141 0oLy 8 1.58
20 0.522 0L 255 0.147 AT 1.58
21 0.520 0.252 (0 i 0.172 157

TABLE 6
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MECHANICAL INSPECTION DATA

FOR TSK 25-249 CAPACITOR BANKS

UNIT 1
PAD # 1 2 3 4 5 6
Dimensions
in inches
A .0526 | .0519 | .0516 | .0524 | .0528 | .0532
B .0526 | .0527 | .0513 |} .0522 | .0521 | .0530
C .0897 | .0688 | .0912 | .0915 | .0916
D .0653 | .0674 | .0653 | .0675 | .0671
E .0471 | .0417 | .0447 | .0430 | .0427 | .0429
F .0331 | .0344 | .0349 | .0335 ] .0348 | .0353
G .1887 | .1891 | .1890 | .1894 | .1897 | .1893
H 0227 | .0215 | .0228 | .0212 | .0225 | .0227
I .0271 .0879
J .0757 .0078
K .249 veh]
L&M 0K
N .0410
P .0223
min

MOTE :

Radius L (.505R) and angle M (74°) checked against
template,
See Fiqure 2 for dimensioning.

TABLE 7A




MECHANICAL INSPECTION DATA FOR TSK 25-249 CAPACITOR BANKS

UNIT 2
PAD # 1 2 3 4 5 6
Dimensions
in inches
A .0526 .0527 .0529 <0527 .0530 .0508
B .0536 .0537 .0525 .0532 .0531 <0529
C .0918 .0922 .0906 .0921 .0931
D .0650 .0672 .0645 .0672 .0662
E .0512 .0726 .0450 .0426 .0400 .0406
F .0229 .0266 .0296 .0328 <UI1LG .0402
G .1888 . 1895 .1903 .1892 .1892 .1880
H .0220 .0221 .0226 .0220 .0228 TZ30
I .0230 0935
J - 0752 .0089
K .247 s 250
L&M 0K
N .041
P 0222
min
NOTE: Radius L (.505R) and angle M (74°) checked against

template.
See Fiqure 2 for dimensioning,

TABLE 7B




ELECTRICAL TEST DATA FOR TSK 25-249

CURVED CAPACITOR BANK SAMPLES

UNIT PAD Cx B Cx VB
# # @ 0kvV @ 6kV

(pF) (%) (pF) (kV)

1 1 106, 1 0. 37 73.6 9.0

2 TR 0.43 7] 9.0

3 109.4 0.41 76.6 7.6

4 110.1 037 TATiA 9.0

5 IHOSE 0.38 el 8.7

6 103:..9 0536 727 8515

2 1 TOTL 0.38 70.8 9.0

2 107 .7 0537 75.4 14.3

3 107.4 0..37 75,2 14.0

4 108.9 0.44 76.2 9.0

5 110.4 0.40 T3 9.0

6 103.8 0.40 72.7 13.4

3 1 98.8 05318 69.2 12.4

2 106.0 0. 33 74.2 13.4

8 104.8 gic 35 73.4 8.8

4 105.0 0.30 73505 10.8

5 106.7 Qi 311 74.7 9.0

6 100.6 081 70.4 92

4 1 100.4 0.41 704 a9

2 107083 0.38 752 90

3 1855 0.67 73.9 9.0

4 106.6 0.41 74.6 9.8

5 102.8 0.41 72.0 Ufss:

6 101 .8 0.39 713 8.6

Average 105.8 Sl 817 74.0 9.9

TABLE 8




TP,

Jp—

DISTRIBUTION LIST

ADDRESS COPIES
Director 3
Miaht Vision Laboratory

USAECOM

ATTN: DRSEL-NV-SD
(Mr. H. Finkelstein)
Fort Belvoir, VYirginia 22060

Director 1
ATTN: DRSEL-RD-EV

(Myr. Soo Young Shin)

Fort Belvoir, Virginia 22060

Commander 1
U.S. Army Production Equipment Agency

ATTN: AMXPE-MT

(Mr. C.E. McBurney)

Rock Island, I1linois 61201

ITT i
Electron Tube Division

Attention: Mr. A. Hoover

Post Office Box 7065

Roanoke, Virginia 24019

Mi-Tec 1
Night Vision Technology Corporation

Attention: Mr. Ferd Fender

7426 Linder Avenue

Skokie, I1linois 60076

RCA 1
Main Plant

Electronics Components Division

Attention: Mr. Richard Mangen

Mew Holland Avenue

Lancaster, Pennsylvania 17604

Varo, Incorporated P
Attention: D. Linke

2203 Walnut Street

Garland, Texas 75040

Galileo Electro 0Optics Corporation 2
Attention: J. Zaghi

falileo Park

Sturbridge, Massachusetts 01518




ADDRESS COPIES

Channel Products Incorporated 1
Attention: Mr. D. Berlincount

16722 Park Circle Drive, West

Charqgrin Falls, Chio

Venus Scientific 1
Attention: Mr. F. Galluppi

399 Smith Street

Farmingdale, N.Y. 11735

L & K Industries 1
Attention: Mr. L. Kastner

3579 Merrick Road

Seaford, Long Island, New York 11783

Gulton Industries 1
Piezo Products Division

Attention: Mr. D. Herzfeld

Box 4300

Fullerton, California 92634

K & M Electronics 1
59 Interstate Drive
West Sprinafield, Massachusetts (01089

flefense Documentation Center 12
ATTN: DDC-IRS

Cameron Station

Building 5

Alexandria, Virginia 22314

Honeywell, Incorporated 1
Government and Aeronautical Products Division
Ceramics Center

Golden Valley, Minnesota 55422

Director 1
National Security Agercy

A¥IN:  TDLE

Fort George . Meade, MD 20755

[

Office of Naval Research
Code 427
Arlington, VA 2217

Air Force Avionics Lab 1
ATTN: AFAL/DOT, STINFO
Wright-Patterson AFB, OH 45433




ADDRESS COPITES

0fc, Asst Sec of the Army (R&D) 1
ATTN: Asst for Research

Room 3-E-379, The Pentagon

Washinaton, DC 20310

Commanding General 1
U.S. Army Research & Development Command

ATTN: DRCMA-EE

5001 Eisenhower Blvd.

Alexandria, VA 22233

CG, U.S, Army Missile Command 1
Redstone Scientific Infor Ctr.

ATTN: Chief Document Sect.

Redstone Arsenal, AL 35809

Reliability Analysis Center 1
RADC (RBRAC)

ATTN: [I.L, Krulac

Griffiss AFB, New York 13441

Commander 1
Aalin AFB

ATTN: CPT Baker

Valpariso, FL 32542

Director Night Vision Lab. 1
ECOM
ATTN: DRSEL-NV-ITI
Mr. Joseph Martino
Ft. Belvoir, VA 22060

Commander 1
Rir Force Avionics Lah AVTM

ATTN: Dr, Ronald Belt

Wright-Patterson AFB, OH 45433

Bell MNorthern Research 1
ATTN: Technical Library

PO Box 3511, Station C

Ottawa, Ontario, Canada




ADDRESS COPIES

Fairchild Semiconductor Research & 1
Develonpment Laboratory

ATTN: Dr. James M, Early

4001 Miranda Ave.

Palo Alto, CA 10504

feneral Electric 1
Research & Development Center

ATTN: Dr. J.J. Tiemann

Schenectady, N.Y. 12305

Naval Research Lab. 1
ATTM: Dr. David F. Barbe

(Code 5260)

4555 Overlook Ave.

Washington, D.C. 20375

Mr. W.H. Dodson 1
Sandia Laboratories Div., 2116
Albuquerque, MN.M. 87115

Dr. Patrick J. Vail il
Air Force Weapons Lab.
Kirtland AFB, HN.M, 87117

Carmine J. Salvo 1
Pome Air Develooment Ctr.
Griffiss AFB, N.Y. 13441

Dr. Barry Dunbridge 1
TRW Svstems Group

One Snace Park

Pedondo Beach, CA 90278

AFAL/TEA 1
ATTMN: Fritz Schuermever
Wright-Patterson AFB, Ohio 54433

Maval Ordnance lLab. 1
ATTN: Mr. Frederick E. Warnock
White Oak, MA 20910

Dr. H.A.R. Weaener 1
Snerrvy Rand Research Center
Sudbury, MA 01776

Mr. James Doyle 1
General Electric Defense

Flectronics Division

ttica, N.Y. 13503




ADDRESS COPIES

Myr. F.B. Micheletti 1
Electronics Research Division

Rockwell International

3370 Miraloma Avenue

Anaheim, CA 92803

Dr. Andrew Ticki 1
Mitron Corpnoration

10420 Bubb Road

Cunertino, CA 95014

Commander 1
RANC

ATTEMN: RBRM/Mr. J. Brauer

nriffiss AFB, N.Y. 13441

Dr. Gerald B. Herzog 1
Solid-State Technoloay Center

RCA David Sarnoff Research Ctr,.

Princeton, f.J. 08540

Dr. Georae E. Smith 1
Bell Telephone Laboratories, Inc.
Room 2A-323

Murray Hill, N.J. 07974

Director 1
Defense Communications Agency

Technical Library Center

Code 205 (P.A. Tolovi)

Washington, D.C. 20305

Institute of Defense Analysis 1
Arlington, VA 22209

Dr. Gordon E. Moore 1
Intel Corporation

3065 Bowers Road

Santa Clara, CA 95951

Commander 1
Harry Diamond Laboratories

ATTN: Mr. A,J. Baba

2800 Powder Mill Road

Adelphi, MD 20783




ADDRESS COPIES
Naval Electronic Laboratory Ctr. 1

ATTM: Mr, C.E. Holland, Jr. (Code 4300)
271 Catalina Blvd.
San Dieqo, CA 92152

Mr. R. Weqglein 1
Hughes Research Laboratories

3011 Malibu Canyon Road

Malibu, CA 09265

Sperrv Rand Research Center 1
100 North Road

Sudbury, MA 01776

ATTN: Dr., H. Van De Vaart

Westinghouse Electric Corp. 1
Research & Development Center

Beulah Road

Pittsburgh, PA 15235

Stanford Research Institute 1
Menlo Park, CA 94025
ATTN: Dr. A. Bahr

C0, USA Foreign Science Div, 1
ATTN: AMXST CE Division

220 Seventh St. NE

Charlottesville, VA 22901

U.S. Armv Research Office-Durham 1
ATTN: CRDARD-IP

Box CM, Duke Station

Durham, N,C. 27706

U.S. Army Research Ofc-Durham 1
ATTN: Dr. Robert J. Lontz

Box CM, Duke Station

Durham, N.C. 27706

USA Security Agency l
ATTN: IARD

Arlington Hall Station, Bldg 420

Arlington, VA 22212

Director 1
U.S. Army Adv Mati Concepts Agency

ATTN: AMXAM

Washington, D.C., 20315




ADDRESS COPIES

Commanding General 1
U.S. Army Research & Development Command

ATTN: DRCRD-R

50001 Eisenhower Blvd.

Alexandria, VA 22333

Commanding General 1
U.S, Army Missile Command

ATTN: DRSMI-RFG (Mr. N, Bell)

Redstone Arsenal, AL 35809

Commanding Officer 1
Harry Diamond Laboratories

ATTM: DRXDO-RCB (Mr. Nemarich)

Washington, D.C. 20438

Commanding Officer 1
USA Satellite Comm Agency

ATTN: DRCPM-SC-3

Fort Monmouth, N.J. 07703

——— o

U.S, Army Liaison Office 1
MIL-Lincoln Lab, Room A-210
P.0, Box 73

Lexington, MA 02173

Chief, Intell Matl Dev Office 1
Electronic Warfare Lab, ECOM
Fort Helabird, MD 21219

Commander

U.S. Army Electronics Command 3
ATTN: DRSEL-PP-1-PI-1

(Mr, David Biser)

Fort Monmouth, N.J. 07703

Advisory Gp on Electron Devices 1
201 Varick St. 9th Floor
New York, MN.Y, 10014

U.S. Army Electronics Command 1
Chief-Intelligence Material Development Office
Electronic Warfare Laboratories

Fort Holabird, MD 21219




